Purpose: A better understanding of the factors contributing to smoking cessation would be of substantial benefit to public health. The purpose of this study was to identify significant predictors of successful smoking cessation in the Korean population. Methods: We compared 1,181 successful quitters with 940 current smokers who made a recent attempt to quit but failed in the past 12 months using the fourth Korea National Health and Nutrition Examination Survey. We examined the relationship of sociodemographic, behavioral and environmental characteristics, comorbid conditions, and quitting methods to successful smoking cessation. Results: Older age, female, being married, having higher education, having a lower level of stress, having smoked 20 or more cigarettes per day, and one's own will for quitting have been identified as significant determinants of successful cessation. Frequency of alcohol consumption and trying numerous quitting methods was inversely related to stopping smoking. Conclusion: This study suggests that cessation programs need to take a holistic approach and should consider these factors in setting up.
Introduction
Smoking is one of the main public health problems and the key mechanisms underlying social inequalities in health (Chandola, Head, & Bartley, 2004) . Despite antismoking legislation and increasing public awareness of the adverse impact of smoking on health, only about 54% of Korean smokers would like to quit (Lee & Seo, 2007) . Encouraging smokers to quit smoking is an important health policy in many countries including Korea. Thus, a better understanding of the factors contributing to smoking cessation would be of substantial public health benefit.
Several studies have addressed factors associated with successful smoking cessation. However, many studies examining factors associated with smoking cessation have been limited to specific populations, such as smokers who participated in a stopsmoking intervention (Borrelli, Spring, Niaura, Hitsman, & Papandonatos, 2001; Foulds et al., 2006; Hyland et al., 2004; Hymowitz et al., 1997; Monso, Campbell, Tonnesen, Gustavsson, & Morera, 2001) or adolescents/young adults (Ariza-Cardenal & Nebot-Adell, 2002; Paavola, Vartiainen, & Puska, 2001; Rose, Chassin, Presson, & Sherman, 1996) . Previous findings on participants in a stop-smoking intervention may be limited in its generalizability because the majority of smokers who quit do so without formal intervention (Fiore et al., 1990) .
To our knowledge there are a few studies that have examined several aspects of smokers' characteristics to determine the predictors of successful smoking cessation in general populations (Hyland et al., 2006; Lee & Kahende, 2007; Zhou et al., 2009) . Numerous studies have addressed the impact of individual sociodemographic characteristics or smoking-related behaviors on smoking cessation (Broms, Silventonien, Lahelma, Koskenvuo & Kaprio, 2004; Chandola et al., 2004; Dawson, 2000; Degenhardt & Hall, 2001; Honjo, Tsutsumi, Kawachi, & Kawakami, 2006; Lindstrom & Janzon, 2007; Monso et al., 2001; Park, 2006; Wetter et al., 2005; Zimmerman, Warheit, Ulbrich, & Auth, 1990) . The limitation of these studies is that they have not taken a holistic approach where smokers' sociodemographic, behavioral, and environmental factors, comorbidity and the methods used to quit smoking are examined together.
In a study done in Danish population, successful smoking cessation was associated with older age, high social status, low prior tobacco consumption, motivation to stop smoking, and having a nonsmoking spouse/cohabitant (Osler & Prescott, 1998) . In another study in the U.S. population, successful quitters were more likely to be aged 35 years or older, married or living with a partner, non-Hispanic White, having at least a college education, having rules against smoking in their homes and workplaces, and being less likely to have switched to light cigarettes (Lee & Kahende, 2007) . Factors associated with successful smoking cessation can be differently found depending on study population and method. Furthermore, there may be a restriction to adopt findings from one population to another population because smoking cessation is influenced by social and cultural notion (Lee & Seo, 2007) .
As an antismoking policy becomes more widespread in Korea and other countries, there is a need to examine factors that impact on outcomes in more detail with a representative sample. In this study, we focused on identifying significant predictors of successful smoking cessation using a large representative sample of Korean population.
Methods

Study design
This was a secondary data analysis study that investigated predictors of successful smoking cessation in Korean using the data from the Fourth Korea National Health and Nutrition Examination Survey (KNHANES VI-3) conducted by Korea Centers for Disease Control and Prevention (KCDC) in 2009. Permission to use the data set was granted by KCDC after reviewing the proposal of this study. The data set was downloaded from the KCDC website (http:// knhanes.cdc.go.kr) free of charge.
Setting and sample
The KNHANES VI-3 is consisted of three main questionnaires: Health Interview Survey, Nutrition Survey, and Health Examination survey. We extracted data from the Health Interview Survey (HIS) that contained a response of approximately 10,078 participants. The HIS provides a multitude of information on health status and health-related behaviors such as physical activity, cigarette smoking, and alcohol use as well as sociodemographic data. The response rate for the KNHANES VI-3 survey was 82.8% (KCDC, 2010) .
The sample of this study included adults who were aged 18 years or older and answered questions about smoking. We compared successful quitters with current smokers who had a recent attempt to quit but failed for the past 12 months. The successful quitters were defined as those who reported that they had smoked at least 100 cigarettes in their life, do not smoke currently, and have quitted smoking for more than 12 consecutive months. The current smokers who had a recent attempt to quit but failed were defined as those who reported that they had smoked at least 100 cigarettes in their life, do smoke currently, and had stopped smoking for more than 1 day but failed during the past 12 months. successful quitters and current smokers with a recent failed quit attempt.
Ethical considerations
The KNHANES VI-3 data sources are publicly available and the information of subjects is recorded and provided by the KCDC in such a manner that subjects cannot be identified. We used only deidentified data without any subject contact. This study was approved by the Sungshin Women's University Institutional Review Board.
Measurements
We examined the relationships of five main independent variables to successful smoking cessation. These independent variables were sociodemographic characteristics, comorbid medical conditions, behavioral characteristics, environmental characteristics, and quitting methods used. Sociodemographic variables included age (18e24, 25e34, 35e44, 45e54, 55e64, 65 years), gender (male, female), marital status (married, divorced/separated/widowed, never married), education (up to elementary school graduate, middle school graduate, high school graduate, college graduate or higher), household income (lower, lower-middle, upper-middle, upper) , occupation (office worker, seller, farmer or fisherman, manufacturer, student or housewife), living arrangement (living alone, living with others), and employment status (full-time employed, part-time employed, unemployed).
Comorbid medical conditions were defined as whether respondents reported their lifetime history of the following medical diagnoses: hypertension, stroke, diabetes mellitus, myocardial infarction, asthma, chronic obstructive pulmonary disease, bronchiectasis, or arthritis. In addition, we included self-rated health status which was categorized as good, fair, or poor.
Behavioral characteristics included age first started smoking (<13 years, 13e17 years, 18 years), number of cigarette smoked per day (1e9, 10e19, 20), frequency of alcohol consumption (none or < 1 time per month, 1e4 times per month, 2e3 times per week, 4 times per week), average amount of sleep per day (<5 hours, 6e 8 hours, 9 hours), perceived stress level (high, moderate, low), the presence of depression lasted for more than 2 weeks, and frequency of moderate physical activity (none, 1e2 days per week, 3 days per week).
Environmental characteristics indicated whether there are other smokers in the workplace and house.
For quitting methods, the HIS asked "When you stopped smoking, which of these methods have you used?" It then listed the following methods: quitting with one's own will, nicotine substitutes, medications, stop-smoking education or counseling, telephone counseling, pipe for stop-smoking, acupuncture for stopsmoking, and any other methods. On the basis of the sample necessary for achieving stable estimates, only four methods (quitting with one's own will, nicotine substitutes, stop-smoking education or counseling, and pipe for stop-smoking) were selected for the analysis.
Data collection
The KNHANES VI-3 is a large, population-based, cross-sectional survey of the Korean noninstituionalized civilians older than 1 year. The survey was done using a systematic stratified cluster sampling design based on geographic area, sex, and age groups. The sampling frame was based on 2005 National Census Registry. Weights indicating the probability of being sampled were assigned to each respondent, enabling the results to represent the entire Korean population. Trained interviewers visited the respondents' home and collected data through computer-aided face-to-face interviews. Prior to an interview, the survey purpose and content were explained to all subjects, and informed consent was obtained (KCDC).
Data analysis
As described above, the KNHANES IV-3 is a dataset collected by a stratified cluster sampling method. In order to enable the study results to represent the entire Korean population, the complex samples analysis which includes strata, cluster, and sample weight was used. Firstly, a preliminary descriptive analysis was done to examine the distributions of all independent variables. A bivariate analysis using the complex samples crosstabs and chi-square tests was then conducted to compare the percentage of independent variables between successful quitters and current smokers with a recent failed quit attempt. Then a complex samples logistic regression was performed to identify statistically significant factors of successful smoking cessation. Variables that were significant in the bivariate analysis were entered in the multiple logistic regression model. Two-tailed 5% level of significance was used to assess the significance. All analyses were carried out using SPSS version 19 (SPSS Inc., Chicago, IL, USA).
Results
Study subjects
For the 2009 KNHANES, 10,078 participants completed the survey resulting in a response rate of 79.2%. Among the 8,012 respondents who were aged 18 years or older, 1,661 were current smokers and 1,284 were former smokers. Of the 1,661 current smokers, 940 (56.6%) had attempted to stop smoking for more than 1 day during the past 12 months. Of the 1,284 former smokers, 1,181 (91.9%) reported the quitting status to be more than 12 months consecutively. The 103 people who had quit for less than 12 months were not included in the analysis because they were likely to have had relapses. Thus, 940 current smokers who had attempted to quit but failed and 1,181 successful quitters during the previous 12 months were the final study subjects (Figure 1 ). Table 1 illustrates the bivariate comparison of study variables by smoking cessation status. In comparison to sociodemographic variables, among current smokers who had attempted to quit but failed, about 79.4% were aged from 18 to 44 years old, 42.8% were married, 50% graduated a college or higher, and 52.4% were fulltime employed. Among successful quitters, 81.1% were aged 65 years or older, 57.2% were married, 50.0% had a college education or higher, and 47.6% were full-time employed.
Bivariate analysis
For comorbid medical conditions, recent successful quitters were more likely than current smokers to report a lifetime history of hypertension, stroke, diabetes mellitus, myocardial infarction, or arthritis. For behavioral variables, 42.1% smoked 20 or more cigarettes per day, 55.8% consumed alcohol 2e3 times per week or more, 58.5% perceived a high level of stress in current smokers who had attempted to quit but failed. In recent successful quitters, 57.9% smoked 20 or more cigarettes per day, 44.2% consumed alcohol 2e3 times per week or more, 41.5% perceived a high level of stress. For environmental variables, current smokers were more likely than successful quitters to report that there were other smokers at workplace and home. For quitting methods used, successful quitters were more likely to stop smoking with their own will than current smokers who had attempted to quit but failed.
Multivariate analysis
The odds ratios and 95% confidence intervals of predictors for successful smoking cessation are presented in Table 2 . Sociodemographic factors that were significantly associated with smoking cessation were age, gender, marital status, and education level. The odds of successful smoking cessation increased with age. Women were more likely to quit than men were and people who were married were also more likely to succeed in quitting. People with a college education or higher were 1.79 times more likely to quit than those with elementary school education or less. People who had a lifetime history of hypertension were 1.72 times as likely to be successful quitters as those without a history of hypertension.
With respect to behavioral factors, people who smoked 20 or more cigarettes per day were 1.73 times more likely to quit than those who smoked 9 or less cigarettes per day. The higher the frequency of alcohol consumption, the lower the likelihood that smoking cessation was successful. The lower level of stress significantly increased the likelihood of successful smoking cessation. Regarding quitting methods used, self-reliance for quitting was a significant predictor of successful smoking cessation. Trying numerous quitting methods such as switching to nicotine substitutes, having a stop-smoking counseling, or using a pipe for stopsmoking reduced the likelihood of successful smoking cessation.
Discussion
Using a large population-based data of Korean adults, we identified significant factors that predicted successful smoking cessation. Regarding sociodemographic characteristics, our findings are consistent with results from several other studies. Older age (Hyland et al., 2004; Hymowitz et al., 1997; Lee & Kahende, 2007; Monso et al., 2001; Osler & Prescott, 1998; Stevens, Greene, & Primavera, 1982) , female (Tillgren, Haglund, Lundberg, & Romelsjo, 1996; Waldron, 1991) , being married (Broms et al., 2004; Chandola et al., 2004; Derby, Lasater, Vass, Gonzalez, & Carleton, 1994; Lee & Kahende, 2007; Tillgren et al., 1996) , having higher education (Broms et al.; Lee & Kahende; Wetter et al., 2005) , and having higher income (Chaiton, Cohen, McDonald, & Bondy, 2007; Hymowitz et al.) , have been identified as significant determinants of successful smoking cessation.
Older smokers ( 65 years old) have a higher cessation rate compared with the younger age groups. Older smokers may have a high cessation rate because they are more likely to experience health problems, which make the risks associated with smoking more apparent (Osler & Prescott, 1998) . Respondents who were married were more likely to quit than respondents who were never married, divorced, separated or widowed. This suggests that support from spouse may play an important role in quitting smoking. This result is similar to that found by Chandola et al., who found that smokers whose partners objected to smoking were more likely to quit.
Data on the relationship of gender to smoking cessation have been contradictory. Some studies found that men were more likely to be successful quitters (Hyland et al., 2004; Hymowitz et al., 1997; Monso et al., 2001 ) and others found no relationship with gender (McMahon & Jason, 2000; Rose et al., 1996) . Unexpectedly, our study found that women were more likely to quit smoking than men were. Trends in cigarette smoking according to gender should be considered. During the 1960s male smokers had higher quitting rates than female smokers did, but it appeared that this gender difference decreased in the 1970s (Waldron, 1991) . Indeed several studies similar to ours indicated that by the 1980s quitting rates were as high for women as they were for men (Tillgren et al., 1996; Waldron) . In Korea, the prevalence of smoking in men decreased from 69.9% in 2001 to 40.9% in 2008 (Song, 2011) , whereas in women it steadily increased from 5.2% in 1992 to 7.4% in 2008 (Seo, 2011) . This means that although a smoking rate in Korean women is still low compared to a smoking rate in Korean men, new female smokers has dramatically increased while new male smokers has decreased. As new smoking population in women has increased, the quitting population in women has increased as well. Also, factors such as pregnancy and childcare may affect the successful smoking cessation in Korean women.
Education may be a well-known predictor of smoking cessation. A few decades ago, the highly educated smoked more than the less educated, but currently smoking is less common among highly educated people (Broms et al., 2004) . In a study of Wetter et al. (2005) , only 6% of smokers with less than a high school degree quit smoking during the 4-year study period, whereas 17% of smokers with a high school degree but no college degree and 28% of smokers with at least a college degree quit smoking. This may indicate that education by itself is partly associated with a higher probability of smoking cessation through better health consciousness (Broms et al.) .
In contrast to the findings of previous studies that fewer cigarettes per day were associated with successful quitting (Broms et al., 2004; Monso et al., 2001; Osler & Prescott, 1998; Tillgren et al., 1996) , participants who smoked 20 or more cigarettes per day were more likely to be successful quitters than those who smoked fewer in this study. The interaction between nicotine and cessation appeared somewhat complex. One might speculate that those who smoked fewer cigarettes did not perceive smoking as an immediate threat to their health and were therefore not highly motivated to quit. Conversely, those who smoked heavily may have experienced more adverse signs of the harmful effects of smoking. These signs might have influenced their decision to quit smoking.
Some studies found that the length of follow up seemed to have an effect on the relationship between nicotine dependence and smoking cessation. Smokers who were less dependent on nicotine, as measured by the number of cigarette smoked per day and the time to first cigarette after waking, quitted earlier than those who were more dependent on nicotine. However, the long-term cessation rates were similar (Chaiton et al., 2007; Kozlowski, Porter, Orleans, Pope, & Heatherton, 1994) . These data indicate that there is no constant negative linear relationship between increasing nicotine dependence and the decreasing probability of cessation. Heavy smokers have been found to be more likely to seek help in quitting smoking or taking actions that may increase the likelihood of quitting (Pierce & Gilpin, 2002) . Frequency of alcohol consumption was inversely related to smoking cessation. This is consistent with previous findings that alcohol disorders were significantly more common among current smokers than among those who had never smoked (Dawson, 2000; Degenhardt & Hall, 2001) . Also, heavy drinkers were found to be less likely to attempt to quit smoking, and if they had attempted to quit, they were less likely to succeed (Zimmerman et al., 1990) . There are various situations, such as social pressure, relaxation, emotional distress and interpersonal conflict, that would induce certain individuals to drink and smoke at the same time. Zimmerman et al. (1990) suggested that individuals who enjoyed smoking with drinking would find it easier to quit smoking, when attempting to do so, than those who do not engage in both. This is because they may continue to use drinking alone to meet the needs that drinking and smoking together were previously meeting in social situations.
It is not surprising to know that people with a higher level of stress are less likely to quit smoking. Many laboratory-based studies suggest that stress is associated with increased smoking and urges to smoke (Niaura, Shadel, Britt, & Abrams, 2002) . This may be because the relationship between stress and smoking is that smoking increases smokers' perceived control over stressors (Epstein & Perkins, 1988) . Smokers often report they smoke to relax and reduce tension, particularly in response to stress (Pomerleau, Adkins, & Pertschuk, 1978) . They may perceive that smoking is an effective way to cope with stress.
Regarding the quitting methods used, we found that individuals who stopped smoking with their own strong will were twice more likely to be successful quitters than those who did not. Interestingly, our multivariate analysis revealed that the use of assistance for quitting such as nicotine substitute or stop-smoking education was not helpful to successful smoking cessation. An analysis of data from Swan et al. (2003) found that previous use of nicotine replacement therapy was a risk factor for persistent smoking. A cross-sectional study of lung health found that the number of quitting attempts had a negative impact on smoking abstinence for men (Murray et al., 2000) . In another study of 3,923 smokers who received nicotine gum for cessation, prior use of nicotine gum was associated with poorer quitting rates (Bjornson et al., 1995) . It may have resulted from lower levels of adherence among those with a previous unsuccessful experience with the product. Self-reliance to stop smoking is the most important factor in successful smoking cessation.
Study limitations
With regard to sample selection, the participation rate in the study was relatively high. However, those who dropped out might differ from study participants in terms of age or smoking behavior. This may have influenced the results in this study. Because smoking-related data were collected by self-reports of respondents, smoking could be underreported through respondents' nonresponse to specific questions or wish to give a socially desirable response (Patrick et al., 1994; Tillgren et al., 1996) .
The definition of smokers and quitters was based on a single question of "Do you smoke cigarettes?" This did not take into account of the complexity of smoking behaviors as well as the complexity in smoking cessation behaviors. As an example of smoking cessation behaviors, the association between the use of quitting methods and cessation outcome may vary depending on the number and duration of methods used. We could not, however, examine the number and duration of quitting methods used because the information was not unavailable in the original dataset. We limited successful quitters to those who had quit smoking for 12 consecutive months, but some quitters might have relapsed after 12 months. Thus our analysis probably included some smokers who had not quit permanently. Finally, it should be noted that the number of cigarettes per day is a crude measure of nicotine dependence. It remains to be seen whether a more comprehensive assessment through the biochemical measurement of the serum nicotine concentration or the measurement scale such as the Heaviness of Smoking Index (Chaiton et al., 2007) would account for more of the variance in quitting.
Conclusion
This study may have some important implications for practice. The present results confirmed that sociodemographic status, marital status, smoking-related behavior, alcohol consumption, and self-reliance to quit contributed to successful smoking cessation. It suggests that a cessation program needs to take a holistic approach and consider these factors in setting up. An intervention plan needs to involve not only smokers who are motivated to quit but also their family, friends and colleagues (Lee & Kahende, 2007) . Social support from spouse plays a significant role in successful quitting. Furthermore, future smoking cessation efforts should be concentrated on motivating and supporting people who have not succeeded in quitting by themselves. An individual's alcohol use history should be assessed when they are contemplating an attempt at smoking cessation. Those who enjoy smoking with drinking should be aware of the potential importance of stopping drinking for the success of their smoking cessation efforts.
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